Hydroxycinnamicacid ester hydrolase from the wheat bran culture mediumof Aspergillus japonicus was purified 255-fold by ammoniumsulfate fractionation, DEAE-Sephadextreatment and column chromatographies on DEAE-Sephadex,CM-Sephadexand various other Sephadexes. The purified enzyme was free from tannase and found to be homogeneous on polyacrylamide disc gel electrophoresis. Its molecular weight was estimated to be 150,000 by gel filtration and 142,000 by SDS-gel electrophoresis. The isoelectric point of the enzyme was pH 4.80. As to its amino acid composition, aspartic acid and glycine were abundant. The optimum pHand temperature for the enzymereaction were, respectively, 6.5 and 55°C when chlorogenic acid was used as a substrate. The enzyme was stable between pH 3.0 to 7.5 and inactivated completely by heat treatment at 70°C
A variety of hydroxycinnamic acids exist in many higher plants, mostly in bound forms with shikimic acid, quinic acid or saccharides.1* However, in grape must and wine they are generally found in a combined form with tartaric acid.2) Especially, the wine made from Koshu grapes contains large amounts of caffeoyl tartaric and /7-coumaroyl tartaric acids.3) These hydroxycinnamic acid ester compoundshave an astringent and bitter taste and caffeoyl tartaric acid serves as a good substrate for enzymatic browning.3) In a previous paper4) we reported on hydroxycinnamic acid ester hydrolase (HCEH) from Aspergillusjaponicus, which hydrolyzed caffeoyl tartaric acid, /?-coumaroyl tartaric acid and chlorogenic acid (3-caffeoyl quinic acid), and its productive conditions, general properties and availability for wine making. Some properties of HCEH were found to be different from those of tannase, well knownas gallic acid ester hydrolase.
Harborne5) and Yamada6) have respectively discovered the enzymatic actions of hydrolysis of chlorogenic acid by anthocyanase from Aspergillus niger and tannase from Aspergillus oryzae. However, properties of purified enzymes hydrolyzing hydroxycinnamic acid ester compoundsare not known.Thepresent paper describes the purification and properties of HCEHfrom Aspergillus japonicus.
MATERIALS AND METHODS
Crude enzyme preparation. Aspergillus japonicus ATCC 20236 was grown on wheat bran moistened with the same weight of water at 30°C for 8 days. After cultivation, 5 volumes of water was added to the culture mediumand the enzymewas extracted at room temperature for 2hr. The
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suspension was squeezed through cotton cloth, followed by filtration with celite. The filtrate was centrifuged at 8000 rpm for 15 min. The clear supernatant solution was used as the crude enzymepreparation.
Enzyme assay. The HCEHactivity was determined by ultraviolet absorption as described previously.7) Phosphate buffer solution (0.05m, pH 6.5), 0.5 ml, containing 0.75 fimol chlorogenic acid (Tokyo Kasei Kogyo Co., Ltd.) was placed in a test tube (17.5x 130mm) and 30fi\ enzymesolution wasadded to start the reaction. After incubation at 30°C for the specified time, 10ml of 80%methanol was added to stop the reaction and the absorbance at 350 nmof the mixture was measured. Heat denatured (70°C, 10 min) enzyme solution was used as a blank. One unit of HCEHactivity was defined as the amount of the enzyme which hydrolyzed one fimol of the ester bond of the substrate in one minute at 30°C under the above conditions. The unit of enzyme (w) can be obtained from the following equation.
Where AOD is the difference of absorbance during the reaction period, At (min).
Protein determination. Proteins were determined by the methodof Lowryet al.8) using bovine serum albumin as a standard.
Disc electrophoresis.
To examine the homogeneity of the purified enzyme preparation, polyacrylamide disc gel electrophoresis was carried out in 7%polyacrylamide gel at pH 9.59) and pH 2.3.10) The enzyme was run at a constant current of4mAper tube (0.5 x 7cm) for 50 min (pH 9.5) or 180 min (pH 2.3). The protein was stained with 0.005% Coomassie Brilliant Blue R-250 solution.
Isoelectric point (PI). The PI value was determined by the method of gel isoelectric focusing.1i} After isoelectric focusing at 200V and 4°C for 3hr, the gel was sliced into discs of 2mmthickness. HCEHwas extracted by soaking each disc in one ml of distilled-deionized water overnight. The HCEHactivity in each extract was determined by the method described above. The pH range covered was 3.5~10 (pH 3.5~10 Ampholine, LKB). Concentrations ofpolyacrylamide and ampholine in the gel were 7.5% and 5%, respectively. brated with 0.01 m citrate buffer (pH 6.0) to removeammonium sulfate. The fractions containing the enzyme free from the ammonium salt were collected and combined.
Step 2 Step 3 Step 4. Chromatography on Sephadex G-100. The above lyophilized preparation dissolved in 3 ml of0.1 m citrate buffer (pH 5.0) was applied to a Sephadex G-100 column (2.6x 100cm) equilibrated beforehand with 0. 1 m citrate buffer, pH 5.0. Filtration was carried out with the same buffer at 4°C at a rate of 8ml/30 min.
HCEHactivity was found in fraction Nos. 37 to 51 (each fraction, 5ml) and these fractions were combined.
Step 5. Chromatography on DEAESephadex A-50. The sample from step 4 was dialyzed against 0.01 m phosphate buffer (pH 7.5) at 4°C for 24hr. The dialyzed solution was applied to a DEAE-Sep>hadexA-50 column (1.9x40cm) previously equilibrated with 0.01 m phosphate buffer, pH 7.5. This column was washed with the same buffer and further eluted with a linear gradient of0 to 0.5 m NaCl in the same buffer (1500ml). The enzyme was eluted near 0.24m NaCl.
Step 6. Chromatography on Sephadex G-200 and rechromatography on CM-Sephadex C-50. Figure 3 shows the good correspondence between the enzymeactivity and protein peaks. The enzyme fractions were dialyzed against deionized water and concentrated by ultra filtration. and the purified HCEHshowed a single protein band on polyacrylamide disc gel electrophoresis (Fig. 4) .
Someproperties of HCEH Isoelectric point. The isoelectric point of the enzymedetermined by isoelectric focusing in polyacrylamide gel was pH 4.80 (Fig. 5) . The peak of enzyme activity showed good coincidence with the location of the enzymeprotein stained with Coomassie Brilliant Blue R-250. The gel (7.0cm) was run at 200V for 180min. After electrofocusing, the gel was sliced into 2mmdiscs. Each gel disc was extracted with 1.0ml water. #-#, pH; O-O, HCEHactivity.
142,000 by gel filtration (Fig. 6 ) and SDS-gel electrophoresis (Fig. 7) , respectively, Amino acid composition. Table II shows the amino acid composition of HCEH.Aspartic acid and glycine were remarkably abundant. pH-Dependency. The effect of pH on enzyme activity was examined at 30°C. As shown in Fig. 8 , the optimum pH was 6.5 with chlorogenic acid as a substrate. Temperature dependency. Enzymeactivity was assayed at various temperatures at pH 6.5 for 30 min (Fig. 9) . The optimum temperature was 55°C and the activity at 55°C was about The reaction mixture containing 0.75 fimol chlorogenic acid in 0.5ml of each buffer and 30^1 enzyme solution (0.60 unit/ml) was incubated at 30°C for 30min. Relative activity was expressed as a percentage of the activity at pH 6.5. Glycine-HCl buffer (pH 2.0 to 3.0), citrate buffer (pH 3.5 to 5.5), phosphate buffer (pH 6.0 to 7.0) and Tris buffer (pH 7.5 to 9.0) were, respectively, used at 0.1m concentration.
1.4 times of that found at 30°C. Residual activity of the enzyme wasmeasured after allowing the reaction mixtures to stand at pH 6.5 for 10 and 20min at various temperatures and expressed as a percentage of the activity of the untreated control. above 60°C and was inactivated completely by heat treatment at 70°C for 10 min.
pH-Stability. The enzyme solution was incubated at various pHs for 24 and 48hr at 30°C and residual activity was assayed under the standard conditions. The enzyme was stable in the range of pH 3.0 to 7.5 and very stable from pH 5.0 to 6.5 (Fig. ll) . HCEHactivity was measured after allowing the reaction mixtures to stand at 30°C for 24 and 48 hr at various pHs.
The residual activity assayed under the standard conditions (pH 6.5 and 30°C) was expressed as a percentage of the activity of the untreated control. #-#, 24hr treatment; O-O, 48 hr treatment. Effect of various chemicals. The effects of metal ions on the HCEHactivity are shown in Table III . None of the metal ions examined Table IV , no decrease in activity was seen on incubation with 10~3m reducing reagents or metal chelating reagents except 8-hydroxyquinoline. On the other hand, some of the activity was lost when the enzyme was treated with either an oxidizing reagent, iodine, or a SH reagent, />-chloromercuribenzoate. The almost complete loss of activity with diisopropylfluorophosphate suggests that the purified enzyme has serine at the active site.
Hydrolysis of other substances. Hydrolysis of the ester compounds listed in Table V (HCEH) from Aspergillus japonicus was purified about 255-fold. The purified enzyme was homogeneous on electrophoresis and free from tannase. Tannase known as an enzyme hydrolyzing gallic acid ester compounds was completely inactivated by heat treatment at 55°C for 20 min17) whereas HCEH was fairly stable under the same conditions (Fig. 10) . The molecular weight of HCEHwas estimated to be 150,000 by gel filtration and so different from that of tannase from Aspergillus oryzae (M.W. 200,000, by gel filtration).17)
Its subunit structure was not indicated by SDS-gel electro- Since the substrate was insoluble in water, a substrate solution including 5% methyl alcohol (v/v) was used. In the turbid substrate solution, the enzyme reaction was performed. Tannic acid was purified by the method of Iibuchi.16) The molecular weight of tannic acid was calculated as digallic acid.
phoresis. As to its amino acid composition, aspartic acid and glycine were found to be remarkably abundant. The low isoelectric point (pH 4.80) of the enzyme protein may be due to the large amount of aspartic acid. The HCEHwas not affected so much by either metal chelating or reducing reagents. However, the activity was almost completely lost with diisopropylfluorophosphate (DFP). These results suggest that HCEH has serine at the active site, as well as tannase.18' The enzyme hydrolyzed not only chlorogenic, caffeoyl tartaric and^-coumaroyl tartaric acids but also ethyl and benzyl esters of cinnamic acid. On the other hand, the enzyme did not hydrolyze ethyl esters of crotonic and acrylic acids, which have no phenyl groups. It did not act on esters of hydroxybenzoic acids either such as gallic acid ethyl ester and tannic acid, which were used as substrates for tannase.19) Therefore, it seems that HCEH from Aspergillus japonicus hydrolyzes only ester compounds which contain cinnamic acid or hydroxycinnamic acids as the acid side.
